(2) If, after the first reading has been taken, the tip of the capillary is placed in a gas mixture corresponding to that with which the sample has been equilibrated, and the electrode is then emptied by sucking this gas mixture through, and refilled with blood without exposure to air, the readings also agree.
The discrepancy thus seems to be due to expos ure of the interior of the electrode capillary to air. Presumably, the process of emptying without rinsing leaves a film of plasma inside the capillary, which is partially degassed by the air which is drawn through. If the electrode is refilled with blood, this does not equilibrate immediately with the residual film, and it is the pH of the degassed residue from the previous sample which is recorded.
If the manufacturers' instructions, to rinse the electrode with buffer and with water on every occasion, are followed, the agreement between duplicate readings is excellent. The obvious short-cut, of taking duplicate readings without intervening rinses, is to be avoided.
Although these observations have been confined to the Radiometer micro-electrode, the same considerations might be expected to apply to other makes of capillary pH electrode. Anderegg et al. (1954) and Schwarzenbach (1955) as an indicator in E.D.T.A. titrations involving the determination of the alkaline earth metals and also of sulphate. Pollard et al. (1956) used the substance for the colorimetric determination of strontium and barium on paper chromatograms.
The writer has examined the substance with a view to its use as a colorimetric reagent for the determination of calcium in serum on the micro scale. The following represents an experimental procedure.
Method Reagents
2. 10%(w/v) sodium tungstate.
3. Buffer solution 7·5 g. of ammonium chloride are dissolved in water containing 50 ml. of ammonia, sp. gr. 0'88. The solution is then diluted to 1 litre with water.
4. Stock standard solution of calcium (I mg. Ca/ml.). This is prepared by solution of the appropriate quantity of calcium carbonate in dilute hydrochloric acid.
Phthalein complexone reagent
This solution is prepared just before use. The solution is not stable. 0·05 g. of phthalein complexone is dissolved in a solution prepared by diluting 28 rnl, of the above buffer solution of 100 ml, with water.
Procedure. 100 microlitres of serum are measured into 4 ml. of water. 0·5 ml. of 10% sodium tungstate solution are then added followed by 0·5 ml, of 2/3N sulphuric acid. The mixture is centrifuged.
To 4 ml, of centrifugate are added 2·5 ml, of buffer solution followed by I ml. of phthalein complexone reagent. The optical density is measured against an appropriate blank at 575 mu.
Blank:
A blank solution is prepared by the dilution of a mixture of 10 ml. of 10% sodium tungstate solution and 10 ml. of 2/3N sulphuric acid to 100 ml, with water.
To 4 ml. of blank solution are added 2·5 ml, of buffer solution followed by 1 ml, of phthalein complexone reagent.
Standards:
Standards containing 5, 10 and IS micrograms Ca in 4 ml, of blank solution are prepared as described above.
The reaction is very sensitive, the standard containing 10 micrograms of calcium and corresponding to a serum calcium of 10 mg. Cal100 ml. gives an optical density of about 0·7.
[Unicam Spectrophotometer S.P. 600/10 mm. cell]. In the event of the procedure proving entirely satisfactory, it should be possible to effect an analysis on 50 microlitres of serum, i.e. at ultra micro levels.
When the standards are prepared in water, the relationship between optical densities and calcium concentrations is a curve, but when carried out in the presence of sodium tungstate and sulphuric acid it is almost linear. The effect of the presence of sodium tungstate and sulphuric acid in the reaction would appear to straighten out the curve.
Magnesium exerts an effect also. Under the present conditions, the effect of magnesium is about 50 %of that of the corresponding quantity of calcium. The calcium effect but not the magnesium effect, is abolished in the presence of E.D.T.A. Serum only should therefore be used in the determination of calcium. This property could be of use in the determination of both calcium and magnesium in serum on the ultra micro scale.
A comparison of results obtained by the present method with those obtained by another method is shown in the Table. The ultra micro or microlitre system of analysis, devised and described by Sanz (1957) , has earned the interest of many workers in clinical biochemistry and, while there may be adverse criticism of individual methods, there is general agreement that the system fills a long felt need for simple micro techniques in the general hospital laboratory and, in particular, in the paediatric laboratory.
The Sanz micro techniques have bridged the gap which has existed between the specialised department, using advanced micro equipment, and the general routine laboratory. This has been achieved by simplification of technique, economy of time, space and materials required for any determination, and the general ease of manipulation of the special items of equipment which have been developed for the microlitre system of analysis.
Such equipment is now available commercially but the initial cost may be considered a disadvantage, especially by the smaller laboratory working on a fixed budget. It is, however, for this type of laboratory that such analytical methods are particularly appropriate.
The purpose of these papers is to suggest ways and means of reducing the cost of introducing the analytical system and, at the same time, to help provide a laboratory already in possession of some of the equipment, with an increased range of tests on a micro litre scale.
Apparatus
One of the most notable features of the Sanz microlitre system is its extensive use of the special pipettes. These pipettes are made from polyethylene tubing and are a development of the overflow type of pipette. The pipette is fitted
